1. Introduction
===============

One of the challenges associated with dental implant treatment in the edentulous posterior maxilla, is the ridge atrophy and pneumatization of the maxillary sinus following tooth extraction ([@b1-epj-09-5948], [@b2-epj-09-5948]). To overcome these problems, some solutions have been suggested, such as sinus lift, the use of short implants or tilted implants. The two last techniques have no favorable long-term survival due to strong occlusal forces in this area ([@b3-epj-09-5948]). For this reason, the sinus lift surgery accompanied by various bone grafts is regarded as the gold standard in bone reconstructive procedures of atrophic posterior maxilla ([@b4-epj-09-5948], [@b5-epj-09-5948]). Two common surgical procedures are crestal and lateral window techniques ([@b6-epj-09-5948]). Research has shown that the lateral window technique, especially in the case of minimal bone height, is associated with further predictable outcomes in terms of either result or safety ([@b7-epj-09-5948]). However, severe intraoperative bleeding, implant dislocation and sinus infections are the side effects of this technique ([@b8-epj-09-5948]). Sinus membrane perforation is the most common complication during sinus augmentation, with the incidence of 19.8%. To avoid this problem, preoperative assessment of anatomic variations is very important, such as lateral wall thickness (LWT) ([@b9-epj-09-5948], [@b10-epj-09-5948]). The LWT assessments are applied for the decision making in surgical interventions such as the Caldwell-Luc, Le Fort I osteotomy, sinus lift with lateral window technique, fixation of maxillofacial fractures, placement of mini-screw in orthodontic treatment and diagnosis of chronic sinusitis. Studies show that in sinus lift surgery with lateral window technique, the increase in maxillary sinus lateral wall thickness causes more difficult and prolonged surgical procedure and an increased risk of sinus membrane perforation ([@b11-epj-09-5948]). In addition, the CBCT provides a reliable 3D diagnostic imaging technique for studying variations in the sinus area before surgery ([@b9-epj-09-5948]). Limited studies have investigated LWT with radiographic assessment, and the effect of edentulous ridge height on LWT is not fully understood ([@b9-epj-09-5948], [@b11-epj-09-5948]). Furthermore, no studies have been done in this regard among the population of northern Iran. This study aimed to assess the effect of edentulous region, residual ridge height (RH), age, gender and type of edentulism (complete or partial edentulism) in the posterior maxilla on the lateral wall thickness of maxillary sinus among the population of northern Iran.

2. Material and Methods
=======================

2.1. Research Design and Setting
--------------------------------

In this cross-sectional study conducted in 2016, 150 samples of the CBCT imaging archives of the Oral and Maxillofacial Radiology Clinic in Babol, Iran, were evaluated retrospectively. The patients were selected with relatively equal distribution in terms of gender (78 men and 72 women) with an age range of 20 to 60 years.

2.2. Selection criteria
-----------------------

Inclusion criteria were as follows: 1) maxillary sinus between premolars and molars as a result of missing one or more teeth (study regions included first premolar (PM1), second premolar (PM2), first molar (M1) and second molar (M2); 2) residual ridge height less than 10 mm; 3) the presence of adjacent or opposite teeth to edentulous region (in order to distinguish the location of edentulous ridge) and 4) visibility of maxillary sinus at least up to the height of 15 mm from the sinus floor. Exclusion criteria were 1) unclear or incomplete images due to scattering or other reasons; 2) residual ridge height over 10 mm; 3) unclear location of edentulous ridge; 4) the existence of sinus pathology; 5) unclear border of edentulous ridge for reasons such as tooth extraction and 6) grafted maxillary sinus or the presence of implant.

2.3. Procedures and Measurement tool
------------------------------------

When both sinuses of a patient met inclusion criteria, only one of them would enter in the study. All images were provided through CBCT (GiANO, NewTom, Italy), operated at 90 kvp, 9 mA, exposure time of 18 seconds and voxel size of 75 microns. The slice interval and slice thickness of the device were 1 mm and 0.5 mm, respectively. Ultimately, the CBCT images were inserted into a computer equipped with NNT software, 20-inch monitor and resolution of 900 × 1600. For better image interpretation, the images were observed in a dark room. First, a periodontist studied the images in terms of exclusion criteria and the potential need for measuring, based on the patient's specific anatomy. Then, an oral and maxillofacial radiologist examined and measured the images. In NNT software, after adjusting the contrast and brightness to improve the quality of images, in the coronal section of CBCT image, the following measurements were carried out in millimeters ([Figure 1](#f1-epj-09-5948){ref-type="fig"}):

1.  Residual height (RH): the distance from the alveolar crest to the lowest point of the sinus floor

2.  Lateral wall thickness (LWT): the perpendicular line at 3, 7, 10 and 15 mm from the lowest point of the sinus floor

The 15-mm level was chosen to be the level where the sinus augmentation surgery ends ([@b9-epj-09-5948]). The edentulous regions were divided to complete edentulous atrophic maxilla (without 5 posterior teeth) and partial edentulous atrophic maxilla (without any of the 5 posterior teeth) to determine the effect of the presence of teeth on LWT.

2.4. Statistical analysis
-------------------------

Data were analyzed using the IBM© SPSS© Statistics version 22 (IBM© Corp., Armonk, NY, USA) through independent-samples t-test and paired-samples t-test (to compare the means of two independent and dependent groups), ANOVA (to compare the means of several independent groups) and repeated measures ANOVA (to compare the means of several dependent groups, repeated data); p \<0.05 was considered significant.

3. Results
==========

In total, 78 male patients with the mean age of 46.19±9.71, and 72 female patients with the mean age of 47.16±10.56 were evaluated in the present study. According to the results obtained in this study, the mean RH was 6.87±2.19 mm in the premolar regions and 5.95±2.52 in the molar regions. The t-test revealed that this mean in the premolar regions was significantly higher than the molar regions (p=0.02). The mean maxillary sinus lateral wall thickness (mm) with 95% confidence interval based on the edentulous regions and measured height is shown in [Table 1](#t1-epj-09-5948){ref-type="table"} and [Figure 2](#f2-epj-09-5948){ref-type="fig"}.

The lateral wall thickness (mm) based on the edentulous region and type of edentulism has been presented in [Table 2](#t2-epj-09-5948){ref-type="table"} and [Figure 3](#f3-epj-09-5948){ref-type="fig"}. The repeated measures ANOVA revealed that the effects of height (from 3 to 15 mm of sinus floor) for LWT had significant difference and with increasing different heights, the mean LWT was increased (p=0.01, df=3, F=3.24), ([Table 1](#t1-epj-09-5948){ref-type="table"}). There was no relationship between gender and sinus lateral wall thickness (p=0.79, df=1, F=0.06). The edentulous region (p\<0.001, df=3, F=7.05) and type of edentulism (p\<0.001, df=1, F=8.05) influence lateral wall thickness of maxillary sinus ([Table 2](#t2-epj-09-5948){ref-type="table"}). However, the interaction between the type of edentulism and the edentulous region was not significant (p=0.90, df=3, F=0.18), ([Figure 3](#f3-epj-09-5948){ref-type="fig"}). It was also found that the mean LWT in partial edentulism was more than in complete edentulism. The maximum thickness was found in the first molar and the minimum values were in the second premolar and the second molar ([Figure 2](#f2-epj-09-5948){ref-type="fig"}). There was no relationship between age and the sinus lateral wall thickness (p\>0.05), but RH showed a significant relationship with LWT so that the higher the RH, the greater the LWT (p\<0.05). The gender and the type of edentulism did not cause a significant effect on the correlation between age and RH with LWT. The edentulous region showed no significant effect on the correlation between age and LWT. The correlation between RH and LWT was not significant in the PM1 and PM2 regions but was significant in the M1 and M2 regions.

4. Discussion
=============

In the present study, lateral wall thickness (LWT) of maxillary sinus in edentulous posterior maxilla was evaluated in patients with complete and partial edentulism. Dental implant placement is often restricted by sinus enlargement and the ridge atrophy in the posterior maxilla. Various sinus augmentation techniques have been introduced so far to tackle the problem, such as crestal technique and lateral window technique ([@b12-epj-09-5948]). The most frequently encountered surgical complication in lateral window approach is perforation of the Schneiderian membrane ([@b8-epj-09-5948]). To avoid this, preoperative assessment of anatomic variations by radiographic assessments is necessary and the knowledge of sinus anatomy, including lateral wall thickness, is the key to minimizing this complication ([@b9-epj-09-5948]). The results showed that by increasing the wall distance from the floor, the mean sinus lateral wall thickness was increased (from 3 to 15 mm of sinus floor). These findings correspond with the results of Monje et al. ([@b9-epj-09-5948]). Yang et al., in 2012, studied lateral wall thickness of maxillary sinus for sinus augmentation with the use of CT in edentulous patients. They considered the sinus floor as the reference point and measured LWT at 3, 10 and 15 mm from sinus floor. It was found that the means of LWT were 1.69, 1.5, 1.77 and 1.89 mm, respectively, from the first premolar to the second molar ([@b13-epj-09-5948]). The means of LWT in our study were a reported 0.96 (PM1), 0.82 (PM2), 1.2 (M1) and 0.82 (M2), which totally, are less compared to the amounts reported in the mentioned study. This difference could be due to failure to investigate the effect of the tooth extraction time on the wall thickness as well as racial differences. Given that increased LWT causes longer and more difficult open sinus lift surgery, knowing the LWT in different regions can help to select anatomic regions with lower thickness to reduce surgical complications such as sinus membrane perforation.

According to the present study, type of edentulism affects sinus lateral wall thickness. This means that the wall thickness is higher in the partial edentulism rather than complete edentulism, which is in line with the study of Monje et al. ([@b9-epj-09-5948]), but inconsistent with the result of Khajeh Ahmadi et al., which could be due to differences in measured heights from sinus floor for LWT ([@b11-epj-09-5948]). Khajeh Ahmadi et al., in 2014, evaluated the relationship between the lateral wall thickness of maxillary sinus and dental status using CBCT. They showed that gender and dental status had no significant effect on the lateral wall thickness of maxillary sinus. In addition, they stated that the maximum and minimum thickness of bone were respectively in the first molar and second molar regions ([@b11-epj-09-5948]). The present study also confirms this finding, so that the maximum thickness was in the first molar and the lowest values were observed in the second premolar and second molar. It seems that the reason for more thickness of lateral wall in the first molar region is the zygomatic buttress. However, Monje et al., Yang et al. and Neiva et al. believe that the wall thickness is increased gradually from the second premolar to the second molar; the second molar had the greatest thickness ([@b9-epj-09-5948], [@b13-epj-09-5948], [@b16-epj-09-5948]). The results of Kang et al. in this regard, are at odds with recent studies ([@b14-epj-09-5948]). They believed that the more anterior the region, the thicker the LWT. These differences may be due to racial issues or internal bias because of CBCT device distortion ([@b17-epj-09-5948]). Similar to the study of Monje et al. ([@b9-epj-09-5948]), this study indicated that the RH has a positive relationship with the LWT, and LWT is greater in higher RH. Previous studies have indicated that the RH affects bone density in the maxillary sinus region and a thinner LWT can suggest a lower bone density ([@b15-epj-09-5948]). This finding could suggest to clinicians to take extra precautions during maxillary sinus floor augmentation through the lateral window technique in the severely atrophic posterior maxilla, due to the high probability of it being a soft and friable sinus lateral wall. Concerning ineffectiveness of gender on LWT, this study is consistent with recent studies ([@b9-epj-09-5948], [@b11-epj-09-5948]). Also, it is hypothesized that due to pneumatization of the maxillary sinus associated with aging, the LWT is thicker in younger people ([@b9-epj-09-5948]), but this hypothesis has not been confirmed in the studies of Monje et al., Yang et al. or Kang et al. ([@b9-epj-09-5948], [@b13-epj-09-5948], [@b14-epj-09-5948]). According to their researches, the LWT and age have positive relationship with each other so that the thicker LWT was observed in the elderly. In this study, no significant relationship was found between age and the lateral wall thickness, which may be associated with racial issues or variations in studied reference points of the sinus floor.

5. Conclusions
==============

The maxillary sinus lateral wall thickness gradually increases from 3 to 15 mm of the sinus floor. The residual ridge height and the type of edentulism influence the LWT, while age and gender have no effect on sinus lateral wall thickness. Therefore, according to the anatomical variations observed in the maxillary sinus, CBCT assessment is recommended before surgery such as sinus lifting in this area.
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###### 

The mean lateral wall thickness (mm) of maxillary sinus based on the edentulous region and measured height

  Edentulous region   Lateral wall thickness 3 mm from sinus floor   Lateral wall thickness 7 mm from sinus floor   Lateral wall thickness 10 mm from sinus floor   Lateral wall thickness 15 mm from sinus floor
  ------------------- ---------------------------------------------- ---------------------------------------------- ----------------------------------------------- -----------------------------------------------
  PM1                 0.940 (0.605--1.275)                           1.040 (0.682--1.398)                           1.340 (1.041--1.639)                            1.300 (0.576--2.024)
  PM2                 1.039 (0.926--1.153)                           1.134 (1.021--1.248)                           1.179 (1.069--1.289)                            1.408 (1.243--1.573)
  M1                  1.068 (0.994--1.143)                           1.269 (1.187--1.352)                           1.469 (1.378--1.560)                            1.766 (1.660--1.873)
  M2                  0.952 (0.853--1.052)                           0.967 (0.874--1.060)                           1.080 (0.974--1.186)                            1.297 (1.180--1.414)

###### 

The lateral wall thickness (mm) based on the edentulous region and type of edentulism

  Edentulous region   Type of edentulism   Mean±SD
  ------------------- -------------------- -----------
  PM1                 Partial              1.43±0.12
  Complete            0.96±0.21            
  PM2                 Partial              1.24±0.32
  Complete            0.82±0.16            
  M1                  Partial              1.43±0.38
  Complete            1.20±0.38            
  M2                  Partial              1.16±0.35
  Complete            0.82±0.26            
